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httcense.Abstract Objective: To evaluate the value of power and pulsed Doppler in diagnosis of CTS and
compare it with median nerve cross-sectional area (CSA) measured by gray-scale US and nerve con-
duction studies.
Patients and methods: Forty patients with deﬁnite clinical evidence of CTS and 20 healthy cases
were enrolled in the study. All patients and controls underwent nerve conduction studies, gray-scale
US (for measurement of CSA) and color Doppler (for assessment of vasomotor activity).
Results: Twenty eight patients (70%) had conﬁrmed diagnosis by NCS while 12 patients (30%)
were not detected by the NCS. The CSA ranged from 0.06 to 0.78 cm2 with a mean of
0.19 + 0.12. Comparison between patients and controls as regards CSA showed highly statistically
signiﬁcant difference (P< 0.001). There was a signiﬁcant difference between patients and controls
as regards PS, ED & PI. Also there was a signiﬁcant correlation between median nerve hypervas-
cularization and the parameters of spectral Doppler and the severity of CTS by NCS and also with
CSA.
Conclusion: Color Doppler imaging of the median nerve is a readily accessible and practical
method for determining the degree of vasomotor impairment in CTS patients that may be valuable
in evaluation and follow up of CTS patients in clinical practice.
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Medicine. Open access under CC BY-NC-ND license.01534149.
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Carpal tunnel syndrome (CTS) is one of the most common
peripheral entrapment mononeuropathies which occurs as a
sequel of localized median nerve (MN) compression in the car-
pal tunnel. It causes hand pain, numbness, and tingling (1,2).
This syndrome was ﬁrst reported by Phalen (3) in 1950 and
since then has been reported to represent up to 90% of all
entrapment neuropathies (4,5). CTS is predominant ingyptian Society of Radiology and Nuclear Medicine.
.05.003
590 S. Zidan et al.middle-aged women, with the overall CTS prevalence report-
edly reaching 5.8% in women and only 0.6% in men (6).
The current reference standard for CTS diagnosis consists
of evaluating clinical symptoms and signs such as the Phalen
sign (dysesthesia after wrist ﬂexion) and Tinel sign (percussion
over the median nerve elicits dysesthesia) in combination with
abnormal median nerve function based on NCS (7). However,
the sensitivity and speciﬁcity of the clinical signs are barely
moderate (8). Numerous studies are emerging to prove the use-
fulness of imaging modalities such as ultrasonography (US),
magnetic resonance (MR) imaging, and computed tomogra-
phy as alternatives to electric diagnostic tests (EDT) (9,10).
Although imaging techniques have the advantage of allow-
ing the assessment of anatomic structures adjacent to the MN,
the sensitivity and speciﬁcity of those techniques vary consid-
erably across published studies (11). Moreover, MRI is usually
a rather costly examination and may not be readily available
everywhere. Currently, there are no reliable imaging criteria
for the severity of CTS (12).
Entrapment of the median nerve within the carpal tunnel in
patients with CTS causes nerve ischemia and affects the micro-
vasculature within the neural fascicles (13). It is reported that
in CTS the intra-neural microvasculature of the median nerve
is prominent and dilated due to inﬂammation and ischemia
within the median nerve (14). Therefore, it can be hypothesized
that the evaluation of intra-neural vasculature may be useful
for detecting CTS.
Although the role of gray-scale US in the diagnosis of CTS
has been investigated by several authors (15,11,16,17) only a
few studies have been performed to investigate the role of color
Doppler US in the evaluation of CTS (18–20) and the potential
correlation between intra-neural vascularization and the sever-
ity of CTS.
1.1. Aim of the work
The aim of the study was to evaluate the color Doppler ultra-
sound as a non-invasive method in diagnosis of CTS and com-
pare it with median nerve cross-sectional area (CSA) measured
by gray-scale US and nerve conduction studies in these
patients.
2. Patients and methods
The present study is a cross sectional one that included 40 pa-
tients with deﬁnite clinical evidence of CTS. They were selected
from patients attending the Rheumatology and Rehabilitation
outpatient clinic, Zagazig University and Ain Shams Univer-
sity Hospitals. Twenty healthy cases were also included in
the study and served as the control group. Both patients and
controls provided an informed consent for participation in
the study after a full explanation of the procedure.
Clinical evidence of CTS was determined by positive Tinel
or Phalen test, recurring activity-related or night time numb-
ness, or tingling involving the palmar aspects of at least two ra-
dial ﬁngers. The presence of median nerve sensory or motor
deﬁcit (including weakness of grip and atrophy of the thenar
muscles) was also considered supportive of the diagnosis.
Exclusion criteria in CTS patients were: clinical ﬁndings of
any other neuropathies (such as cervical radiculopathy and
polyneuropathy); history of surgical treatment for CTS; wristtrauma or fracture; conditions associated with autonomic
impairment (including diabetes mellitus, central nervous sys-
tem disease, and peripheral nerve disease); conditions associ-
ated with neuropathies other than CTS (including
hypothyroidism, chronic renal failure, and pregnancy); or tak-
ing medications that can affect the autonomic nervous system
(such as beta-blockers, calcium channel blockers, and
amitriptyline).
All patients were subjected to the following:
* Full history taking laying stress on disease duration, drug
history and demographic characteristics namely sex, and
age.
* Radiological assessment:
Plain X ray of the cervical spine (antero-posterior and lat-
eral views) to exclude cervical radiculopathy.
* Laboratory assessment:
Fasting blood sugar, thyroid function tests, Rheumatoid
factor (RF) to exclude diseases associated with neuropathy.
* Nerve conduction study ((NCS)
Routine NCS were performed with conventional proce-
dures and a standard electromyography System for patients
and controls. For all studies, the machine used was Key point
work station (Medtronic, France). All of the examinations
were performed by the same doctor in a room with an ambient
temperature of 25 C. The skin surface temperature was in all
cases between 31 C and 33 C. The subjects were lying quietly
on a couch.
Motor nerve potentials were recorded through a plate-
shaped surface electrode attached to the belly of the abductor
pollicis brevis muscle which was the pickup; the same type of
electrode attached to the peripheral adherent part of the same
muscle was the reference. A ground was placed on the palm
area. The stimulating point at the wrist was placed between
the two tendons of the ﬂexor carpi radialis and the palmaris
longus in the proximal part of the carpal tunnel. The distance
between the stimulating point and the pickup electrode was set
at 7 cm. A supra-maximal nerve stimulus was applied.
A proximal stimulating point was then set at the elbow just
medial to the palpable brachial artery. Sensory nerve poten-
tials were recorded by ring electrode placed over the meta-
carpo-phalangeal joint of the index ﬁnger which is the active
electrode. The reference electrode was 3–4 cm distally over
the distal inter-phalangeal joint. The median nerve was stimu-
lated at the wrist at a distance of 13 cm from the active
electrode.
The following parameters were individually assessed:
(1) Distal motor latency (the time from the stimulus in the
periphery to the onset of the CMAP).
(2) Motor nerve conduction velocity (MCV) calculated by
dividing the distance of two stimulating points by the
nerve conduction time.
(3) Amplitude of the compound muscle action potential
(CMAPs) measured from the baseline to the negative
peak of the CMAPs.
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the midpoint of the ﬁrst negative peak of the sensory
nerve action potential (SNAPs).
(5) CTS was diagnosed according to the criteria used by
Padua et al. (21) and the patients were classiﬁed as
follows: mild = prolonged median sensory latency
(3.5 ms) but normal distal motor latency of the median
nerve; moderate = prolonged median sensory and distal
motor latencies (4.2 ms); and severe = absence of sen-
sory nerve action potential and prolonged or absent med-
ian distal motor latency. In patients with bilateral CTS,
the hand with the worst clinical condition was studied.
2.2. *Sonographic evaluation
2.2.1. Color Doppler US
All sonographic examinations were performed with a high fre-
quency (12-MHz) linear-array transducer (Logiq 9 GE Health-
care). With a setting suitable for the detection of low-ﬂow
vessels (an available present on our US machine), the presence
of intra-neural blood ﬂow was determined with power Doppler
US followed by spectral color Doppler US, images were re-
corded during Doppler US.
All cases (patients and controls) were examined with US
machine within the day of undergoing EDT, all measurements
were performed twice and the average was taken as the value.
Spectral and power Doppler US and image processing were
performed as follows:
Firstly, localization of the region of interest, subjects were
seated with the arm extended, the wrist in a supine position,
and ﬁngers semi extended, both transverse and longitudinal
planes were used to evaluate the vascularity within the nerve.
The median nerve was visualized at the level between the pisi-
form bone and tubercle of the navicular, for which the distal
volar crease is an external landmark, corresponding to carpal
tunnel, and then the transducer was turned for a longitudinal
view, the color window box was focused on the nerve, covering
2 cm of the nerve, the probe was swiped to determine the most
vascular area of the nerve (18).
Secondly, optimization and acquisition of images, to avoid
any discrepancy between spectral and power Doppler images
as well as grey scale US examination, the depth was set at
3 cm and the color gain was adjusted to the maximum level,
producing no noisy artifact, no extra pressure, and the focus
point position was adjusted to the nerve depth without usingTable 1 The sonographic parameters used in this study.
HCU GE Healthcare logiq 9 and
3 (Milwaukee WI)
Transducer 12 MHz linear
Depth 3 cm
Overall gain 65 db
TGC Vertical and centered
Power Doppler gain 14–21 db
Power Doppler PRF 0.4–0.6 kHz
Spectral Doppler gain 26–32 db
Spectral Doppler PRF 2.6 kHz
Spectral Doppler sample volume 1 mm
Processing Harmonic technologyany zoom factor, the applied parameters are in Table 1, during
at least 3–5 min of observation of the nerve in the axial and
longitudinal planes to differentiate intra-neural from extra-
neural vessel and the identiﬁed vessels were tracked within
the nerve sheet or outside it.
Thirdly, power Doppler mode samplings were performed as
power Doppler being the most sensitive to ﬂow, was then uti-
lized to document low blood ﬂow in and around the neural
sheath and the most intra-neural blood ﬂow was selected, in
which the spectral Doppler gate was put over the most con-
sis-tent ﬂow and spectral waveform was obtained. Quantitative
measurements including peak systole (PS), end diastole (ED),
pulsatility index (PI) and resistive index (RI) were then taken
from this information.
2.2.2. Gray-scale US
By using the same US unit probe and subject position as stated
earlier, the median nerve was visualized at the level of the car-
pal tunnel inlet (pisiform bone), increased echogenicity (nerve
edema) of the median nerve was determined subjectively by
comparing the echogenicity of the nerve with that of the typi-
cal normal nerve or the contra lateral normal nerve (in the case
of unilateral symptoms).
The perimeter of the median nerve was traced continuously
just within the hyperechogenic boundary of the nerve and the
cross sectional area (CSA) of the nerve was calculated by using
pre-installed area measurement software (22). Spectral Dopp-
ler was obtained in Duplex mode where the grey scale and
power Doppler image are static with only a live waveform
available.
2.3. Statistics
The collected data were revised, coded, tabulated and intro-
duced to a PC using Statistical package for Social Science
(SPSS 15.0.1 for windows; SPSS Inc, Chicago, IL, 2001). Data
were presented and suitable analysis was done according to the
type of data obtained for each parameter. Data were expressed
as Mean ± SD for quantitative measures and both number
and percentage for categorized data. The comparison between
two groups was assessed using the unpaired t-test for numeric
variables. The comparison between three groups was assessed
using ANOVA test for parametric data. The Chi-square test
was used to analyze categorical variables. Correlations were
established using spearman’s correlation test (r). The differ-
ence was considered non signiﬁcant (NS) if P> 0.05, signiﬁ-
cant (S) if P< 0.05, and highly signiﬁcant (HS) if P< 0.001.
3. Results
This study included 40 patients who had deﬁnite clinical evi-
dence of CTS, 29 females (72.5%) and 11 males (27.5%) their
ages ranged from 33 to 42 years with a mean of
39.53 ± 2.38 years. The disease duration ranged from 1 to
5 years with a mean of 2.53 ± 1.33. There was a statistically
non signiﬁcant difference (P> 0.05) between patients and
control subjects as regards age and sex ratio (male to-female
ratio, 11:29 in patients and 5:15 in controls).
Twenty-eight patients (70%) had conﬁrmed diagnosis by
NCS while in the other 12 patients (30%), CTS was not de-
tected by the NCS. According to the criteria used by Padua
Fig. 1 (A) Gray-scale sonogram at carpal tunnel inlet depicts the median nerve with cross sectional area of 0.10 cm2 and (B) spectral
Doppler waveform of intraneural vascular structure indicates presence of arterial ﬂow in the nerve.
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13 patients (46%) with moderate CTS and 6 patients (22%)
with severe CTS.
There was a statistically non signiﬁcant difference between
patients with mild, moderate and severe CTS as regards age
and sex (P> 0.05), while higher disease duration was recorded
in severe cases compared to the moderate and mild cases with a
statistically highly signiﬁcant difference (P< 0.001).
The cross sectional area of the median nerve (CSA) assessed
by gray-scale ultrasonography ranged from 0.06 to 0.78 cm2
with a mean of 0.19 ± 0.12 (Fig. 1). Comparison between pa-
tients (Fig. 1) and controls (Fig. 4) as regards CSA showed a
highly statistically signiﬁcant difference (P< 0.001). Twenty-
eight patients (70%) had large CSA (>10.5 mm).
There were statistically signiﬁcant differences between CSA
of patients with severe CTS (0.33 ± 0.1 cm2), moderate
(0.21 ± 0.09 cm2) and mild (0.11 ± 0.06 cm2) (<0.05). We de-
tected a signiﬁcant correlation between CSA of the median
nerve and the severity of CTS (P< 0.05), positive correlation
with motor and sensory latencies (r= 0.54, 0.71) and negative
correlation with the velocity and amplitude (r= 0.62, 0.62)
(Table 2).Fig. 2 (A) Sagittal sonogram of the median nerve at the distal rad
abnormal vasculature. (B) Duplex display shows power and spectral g
and ED measures 2.6 cm/s.Thirty-one (77.5%) cases showed hypervascularization of
the MN by power Doppler US (Figs. 2 and 3). No hypervas-
cularization was detected in any of the controls (Fig. 4). So
there was a statistically highly signiﬁcant difference between
patients and controls as regards hypervascularization
(P< 0.001).
The statistical difference in CSA between patients showing
hyper vascularization (26.04 ± 0.08) and patients in which
hypervascularization was absent (12.08 ± 0.07) was highly sig-
niﬁcant (P< 0.001). We detected also a signiﬁcant correlation
between MN hypervascularization and the severity of CTS
(r= 0.54, P< 0.05).
As regards the parameters of spectral Doppler US, higher
values of PS, ED and PI were recorded in the patients with
CTS (Figs. 1–3) compared to controls (Fig. 4) with statistically
signiﬁcant differences while there was a statistically non signif-
icant difference as regards RI between both groups (Table 3).
Comparison between patients with positive NCS and pa-
tients with negative NCS as regards parameters of spectral
Doppler study showed a highly signiﬁcant difference as regards
PS, ED and RI while PI showed a non signiﬁcant difference
(Table 4). There was also correlation between these parametersius demonstrating the use of power Doppler to show intraneural
ate at the top and spectral waveform below. PS measures 7.8 cm/s
Table 2 Correlation coefﬁcients between CSA and parame-
ters of NCS.
CSA
r P
Distal motor latency 0.54 0.000 +ve & signiﬁcant
Distal sensory latency 0.71 0.000 +ve & signiﬁcant
Velocity 0.62 0.000 ve but signiﬁcant
Amplitude 0.62 0.000 ve but signiﬁcant
Fig. 3 (A) Transverse sonogram (gray-scale and power Doppler) and (B) longitudinal sonogram (spectral Doppler) of carpal tunnel inlet
shows mild swelling of the median nerve (arrows) that displays hypoechogenicity due to severe nerve edema, power Doppler shows
intraneural abnormal vasculature (arrows), in addition to spectral Doppler waveform of intraneural vascular structure indicating presence
of arterial ﬂow in the nerve.
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(Table 5).
4. Discussion
The conventional approach to treating a patient with clinical
characteristics for CTS is to conﬁrm the diagnosis with EDT
(2). However, The American Academy of Neurology ﬂagged
the need for further studies about the role of imaging modali-
ties in the diagnosis of CTS, considering that there are some
drawbacks in the diagnostic accuracy of EDT (23). Even dur-
ing the past several years there has been little advance in the
accuracy of EDT for diagnosing CTS (24).
The sensitivity of EDT in the diagnosis of CTS is reported
to be around 70% (18,24,25) which is comparable to our re-
sults. Therefore, it cannot help diagnose approximately 20–
30% of CTS cases. US is the technique that has been most
commonly discussed in CTS diagnosis owing to its lower cost
and greater comfort (15,26).Fig. 4 (control patient): (A) Gray-scale sonogram at carpal tunnel in
of 0.04 cm2 and no evidence of edema, (B) spectral Doppler waveform
in the nerve, in which manual spectral tracing to obtain the mean aveLittle attention has been paid in the radiology literature to
blood ﬂow evaluation by pulsed and power Doppler US. To
date, most studies have focused on gray-scale US, with incon-
sistent ﬁndings among studies reporting whether gray-scale US
is as accurate as EDT in the diagnosis of CTS (26,27). To our
knowledge, this study is considered one from few recent studies
making an attempt of ﬁnding new additional sonographic
parameters to characterize the median nerve in patients with
CTS.lets shows normal median nerve (arrows) with cross-sectional area
of intraneural vascular structure indicates presence of arterial ﬂow
rage velocity in order to calculate the pulsatility index.
Table 3 Comparison between controls and patients as regards parameters of spectral Doppler study.
Control cases (N= 20) Patients of carpal tunnel cases (N= 40) t-Test P value
PS 1.13 ± 0.35 3.83 ± 2.0 5.94 0.000
Signiﬁcant
ED 0.46 ± 0.19 1.0 ± 0.41 5.59 0.000
Signiﬁcant
PI 0.69 ± 0.21 1.11 ± 0.42 4.17 0.000
Signiﬁcant
RI 0.53 ± 0.17 0.52 ± 0.34 0.13 0.89
Non signiﬁcant
Table 4 Comparison between patients with positive NCS and patients with negative NCS as regards parameters of spectral Doppler
study.
CTS + NCS (28) CTS  NCS (12) t P value
PS 4.42 ± 1.75 2.46 ± 1.96 3.12 0.003
Highly signiﬁcant
ED 1.12 ± 0.34 0.72 ± 0.43 3.13 0.003
Highly signiﬁcant
PI 1.13 ± 0.50 1.06 ± 0.086 0.42 0.67
Non signiﬁcant
RI 0.65 ± 0.28 0.20 ± 0.24 4.8 0.000
Highly signiﬁcant
CSA 0.22 ± 0.12 0.095 ± 0.042 3.48 0.000
Highly signiﬁcant
594 S. Zidan et al.In our study, the sensitivity of a large CSA in the median
nerve for the diagnosis of CTS was 70% which are comparable
to those in previous reports (15,26,27). The sensitivity of CSA
in the diagnosis of CT was the same as that of EDT. A limita-
tion of our study is that the most accurate measurement of
MN CSA is by using continuous boundary trace of the nerve
rather than measurement at a single level, although previous
studies evaluating both methods have produced comparable
results (28).
Previous studies have shown impaired vasomotor activity
in patients with CTS (29,30). They have used laser Doppler
velocimetry and continuous-wave Doppler ultrasound in diag-
nosis of impaired vasomotor activity of CTS. However only
few studies have investigated the vasomotor changes in CTS
patients by color Doppler ultrasound (18,19,31). Here, we
aimed to evaluate the color Doppler ultrasound as a non-inva-
sive method in diagnosis of CTS and compare it with median
nerve cross-sectional area (CSA) measured by gray-scale US
and nerve conduction studies in these patients.
In this study, we used both spectral and power Doppler US.
We started examination by power Doppler, as it is the most sen-Table 5 Correlation coefﬁcient between nerve conduction study an
PS ED PI RI
PS – 0.84 NS 0.33 S 0.65 H
ED 0.84 HS – 0.36 S 0.70 H
PI 0.33 S 0.36 S – 0.42 H
RI 0.65 HS 0.70 HS 0.42 NS –
Distal motor latency 0.73 HS 0.66 HS 0.33 S 0.56 H
Distal sensory latency 0.57 HS 0.56 HS 0.13 NS 0.61 H
Velocity 0.66 HS 0.59 HS 0.29 0.58 H
Amplitude 0.62 HS 0.65 HS 0.33 S 0.44 H
HS = highly signiﬁcant, S = signiﬁcant, NS = non signiﬁcant.sitive to ﬂow and was utilized to document low blood ﬂow in the
median nerve (31), and once this blood ﬂow was found with
powerDoppler, the spectral Doppler gate was put over themost
consistent ﬂow and a spectral waveform was obtained (18).
In our study, the sensitivity of color Doppler US in the diag-
nosis of CTS was 77.5%. It has been reported that abnormal
vasculature in the carpal tunnel has a prominent role in the
pathogenesis of CTS, nerve swelling, and edema. Mallouhi
et al. (11) used color Doppler US to evaluate the intramural cir-
culatory disturbance in CTS. In a sample of EDT-negative
healthy control subjects and EDT-positive patients with CTS,
they found that nerve vascularity had a sensitivity of 95% in
the diagnosis of CTS. However Mallouhi et al. did not provide
sufﬁcient data with which to compare EDT and color Doppler
US (because all patients had positive ﬁndings at EDT), their
ﬁndings cannot be generalized to all patients with CTS.
In our study, the assessment of color power Doppler was
not qualitative, but, hyper vascularization in the median nerve
was based on presence or absence of power ﬂow signal and
then graded subjectively and according to our results, we
found that, there is no vascularity by power Doppler at healthyd spectral Doppler parameters.
Delayed motor Delayed sensory Velocity Amplitude
S 0.73 HS 0.57 HS 0.66 HS 0.62 HS
S 0.66 HS 0.55 HS 0.59 HS 0.65 NS
S 0.33 S 0.13 NS 0.28 NS 0.32 S
0.56 HS 0.61 HS 0.58 HS 0.44 HS
S – 0.60 HS 0.86 HS 0.89 HS
S 0.60 HS – 0.54 HS 0.57 HS
S 0.86 HS 0.54 HS – 0.83 HS
S 0.89 HS 0.57 NS 0.83 NS –
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and this is in agreement with the study of Ackar et al. (32) who
mentioned that, none of healthy volunteers’ median nerves
demonstrated detectable PFS by power Doppler US. That is
why the detection of intra-neural hyper vascularization by
the power color Doppler is considered the only variable that
independently predicts median nerve involvement; it had the
highest accuracy among all of the sonographic criteria (11,32).
Although, no power ﬂow signal was elicited by healthy con-
trols, spectral wave was obtained from healthy controls also, in
which quantitative measurement values were taken.
However the quantitative measurement of pulsed Doppler
differs in both healthy control and patients, being lower in
healthy than in patients and this could be explained by the fact
that no blood ﬂow is strictly proven, as the sensitivity ofDoppler
could be increased to the point where artifact frommovement is
confused with actual blood ﬂow. Secondly in review of the liter-
ature, no gain settings or pulse repetition frequency is given in
most of the literature (33) and these measurements had to be ad-
justed manually owing to the inherent low ﬂow which was not
properly evaluated with the auto calculation soft-ware, from
this point of view, our results of pulsed Doppler in healthy con-
trols and patients could be used as a step in establishing quanti-
tation analysis to detect CTS, in addition to power Doppler.
In our results the PI was signiﬁcantly higher in patients
compared to controls (1.11 ± 0.42 and 0.69 ± 0.21, respec-
tively for control), while RI was similar. These results correlate
with the results of Gasemi et al. in 2012 (31) who mentioned
that while similar outcomes exist between controls and CTS
patients a different physiology is being measured and this is be-
cause the PI and RI are measures of vasoconstriction.
In this study, one of our purposes was to ﬁnd the optimal
cut-off value for spectral Doppler parameter, consequently,
we studied parameters for healthy controls and patients, and
we found the spectral Doppler data for CTS patients were sig-
niﬁcantly higher than those for control except for RI, in which
mean value of PS was 3.8 ± 2.0 for patients and 1.13 ± 0.35
for control, mean value of ED was 1.0 ± 0.41 for patients
and 0.46 ± 0.19 for control and PI was 1.11 ± 0.42 for pa-
tients and 0.69 ± 0.21 for control.
And these results are near to results of Gasemi et al. in 2012
(33) who mentioned that vascularity shows a very low ﬂow
state with CTS patients and the average overall PS and ED
were 4.36 cm/s and 0.76 cm/s, and also agreed with Kevin
et al. (34) who mentioned that the most consistent data point,
mean systole, was 3.75 cm/s in symptomatic patients.
It is interesting that the presence of intra-neural vascularity
showed good concordance with EDT-determined severity and
that all patients with a moderate or severe abnormality at EDT
had intra-neural vascularity. We notice in our results, an in-
verse relationship may exist between spectral Doppler date
(PS, ED & RI) and an increasing severity of CTS based on
nerve conduction results which agreed with those of Kevin
et al. (34) who mentioned that statistical trending showed ini-
tial increase of the mean spectral peak velocity in symptomatic
but diagnostically negative cases, with decrease velocity from
mild to severe. In our results, there is early detection of CTS
based on the presence of intra-neural vascular ﬂow and spec-
tral Doppler measures in the median nerve with negative re-
sults by NCS and CSA.
In addition, our interpretation is that the positive results of
color Doppler US in patients with clinical evidence of CTS andnegative ﬁnding at EDT may point to the sensitivity of color
Doppler imaging in this subgroup of patients because the po-
sitive imaging ﬁnding was observed in line with a background
of clinically evident CTS. Furthermore, our results show
hypervascularization of the nerve with large CSA, thus point-
ing to more severe degree of CTS which contributes to valu-
able ﬁndings of El Miedany et al. (35).
Unlike gray-scale sonography, color Doppler sonography
allows the detection of functional rather than morphologic dis-
turbances (22). Another advantage of color Doppler sonogra-
phy is its ability to detect intra-neural hypervascularization
early before MN swelling or edema, which could be beneﬁcial
for patients in the early stages of carpal tunnel syndrome and
may enable the use of alternative clinical management instead
of more invasive procedures [11]. Our data clearly suggest that
in patients with a lesser severity of CTS (mild category on basis
of NCS), the edema and hypervascularization are less common,
and such patients may be ideal candidates for nonsurgical treat-
ment. The disadvantages of color Doppler sonography include
the dependence of its accuracy on operator experience and its
decreased ability to display morphologic disturbances (31).
Our results show that NCS is capable of stratifying NCS-
conﬁrmed CTS patients into groups with variable severity of
CTS, and this stratiﬁcation corresponds with objective ﬁndings
(MN CSA, hypervascularization) on color Doppler sonogra-
phy. This indicates that color Doppler sonography is an accu-
rate tool in the assessment of MN entrapment and may
facilitate the selection of appropriate candidates to undergo
either invasive surgical treatment or conservative medical ther-
apy (19,31). Further advantages of sonography include its non-
invasiveness, speed, convenient handling, price, and
performance capacity, suggesting its potential role as an inex-
pensive and quick guide for therapeutic intervention.
The severity of CTS strongly correlates with color Doppler
sonography ﬁndings, and this technique may represent a com-
plementary tool in CTS examination. Our data also warrant
future studies exploring the precise causative role of intra-neu-
ral vascular pressure in CTS and assessing color Doppler
sonography evaluation of CTS treatment outcome because of
its potential to guide clinical decisions and predict patients’
eventual outcomes.
In light of our preliminary ﬁndings, the blood ﬂow in the
median nerve of CTS patients differs from that in the median
nerve of healthy individuals and these changes do contribute to
the eventual clinical ﬁndings (i.e., nocturnal pain, swelling, col-
or change, and coldness) of those patients. Lastly, additional
color Doppler imaging of the median nerve could also be a
supplementary technique for better understanding the symp-
toms of patients with CTS and a readily accessible method
in evaluation and follow up of CTS patients in clinical
practice.
5. Conclusion
This study suggests that adding measures of intra-neural blood
ﬂow to CSA further improves the sonographic evaluation of
CTS and may be of particular use in patients with negative
NCS. Our study suggests that power Doppler sonography con-
tributes more than pulsed Doppler sonography to the percep-
tion of the circulatory status of the median nerve and so to
the precious characterization of the nerve involvement in
patients with clinically suspect carpal tunnel syndrome. We
596 S. Zidan et al.demonstrated the accuracy of color Doppler US as a noninva-
sive and accurate technique for diagnosing CTS and determin-
ing its severity. Our data also should be conducted with a larger
patient sample to validate these results. Future studies also with
simultaneous monitoring of the sympathetic nerves of the
hands could be beneﬁcial to conﬁrm the association between
blood ﬂow and sympathetic innervations in CTS patients.
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